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Abstract. Herein we present results concerning the transposition pattern of the P{lacW} 
artificial mobile element in the male germline of Drosophila melanogaster. Using the power of inverse 
PCR followed by sequencing strategy to analyze a collection of 55 transgenic lines, we recovered 18 
independent secondary reinsertions of the P{lacW}gammaCop057302 parental transposon affecting 
gammaCop gene located in 100C. Bioinformatics investigation revealed that 8 out of them reside 
within or very close to the starting element, representing extreme cases of secondary local reinsertions 
(equivalent to double local reinsertions). Similar molecular phenomena were previously reported for a 
PZ artificial element transposing in the male germline. 
Mapping of some secondary reinsertions obtained in our experiment revealed two putative 
insertional hot-spots located in the 3' half of P{lacW}, namely in the mini-white allele and in the 
adjacent pBR322 fragment. The relative high frequency of double local reinsertions resemble homing, 
a phenomenon consisting in the preferential insertion of transgenic transposons harboring fragments 
from a D. melanogaster gene into or nearby the genomic copy of the cloned gene. Such biases in the 
pattern of transposition of artificial mobile elements may be products of a molecular behavior with still 
unknown biological significance. 
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P elements derivatives, such as P{lacW} artificial transposon (Bier et al., 1989), are 
among the most important genetic tools available in D. melanogaster. In order to search for a 
biological significance of P elements transposition patterns we artificially induced the 
mobilization of P{lacW}gammaCop057302 artificial transposon, uniquely inserted in 5'UTR of 
gammaCop gene, which localizes in 100C chromosomal region (Ecovoiu et al., 2002a; 
Ecovoiu et al., 2002b). For the analysis of the phenomena derived from the mobilization we 
defined a couple of terms. The primary local reinsertion (PLR) refer to the reintroduction of a 
copy of the original transposon at the initial donor site and secondary local reinsertion (SLR) 
was used to describe the reinsertion of the excised transposon within the same chromosome 
(Ecovoiu et al., 2009; Ratiu et al., 2008). 
Insertional mutagenesis have been previously used in order to decipher the pattern of P 
elements transposition (Tower et al., 1993; Zhang and Spradling, 1993), but the methods for 
analyzing the data were laborious and time consuming. In this study we used for the analysis 
of the new insertional lines an experimental strategy employing inverse PCR followed by 
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sequencing, which represents a powerful investigation tool for efficiently isolating and 
characterizing unique insertional sites (Ochman et al., 1988; Rehm, 2002; Sentry and Kaiser, 
1994) or multiple insertions (Ecovoiu et al., 2009). 
As a consequence of P{lacW} mobilization by a ∆2-3 transposase source, we obtained 
several transgenic lines, derived both from male and female germline and harboring at least 
one type of reinsertion. Here, we present data regarding a group of 55 mutant lines obtained 
by transposition events induced in the male germline. The experimental procedure enabled us 
to recover and describe secondary reinsertions defining 18 new transgenic lines. A rigorous 
bioinformatics analysis, using BLAST algorithms, completed with manual annotations, 
revealed 8 extreme types of SLRs that are located within (7 out of 8) or very close to the 
starting element (PLR). These phenomena reveal specific structural features of the internal 
sequence of the P{lacW} transposon that could be able to direct integration of new copies of 
the transposon in the original insertion. 
 
MATERIALS AND METHODS 
 
 A sub-collection of 55 new transgenic D. melanogaster lines harboring reinsertions of 
P{lacW}  was obtained by mobilization with a ∆2-3 transposase source (Robertson et al., 
1988) of P{lacW}gammaCop057302 transposon from 5' UTR of gammaCop gene in the male germ 
line of l(3)S057302 transgenic line (Deak et al., 1997). The mutant lines, having a darker eye 
pigmentation than l(3)S057302 which have orange eyes in a w- genetic background, are 
symbolized as it follows: LR11A(D1M11); LR11B(D1M12); LR2.3(D2M3); LR2.7(D2M7); 
LR2.9(D2M9); LR2.10(D2M10); LR211A(D2M111); LR211B(D2M112); LR3.1(D3M1); 
LR3.8(D3M8); LR3.11(D3M11); LR4.2(D4M2); LR4.3(D4M3); LR4.8(D4M8), 
LR4.10(D4M10), and 1.3 to 40.3 respectively. The genetic crosses by which the transgenic 
lines were obtained are described elsewhere (Ecovoiu et al., 2009; Ratiu et al., 2008).  The 
mutant lines were generated at room temperature and reared on a yeast-cornmeal-agar 
medium at 180C. 
Inverse PCR and sequencing was performed with primers specific for the 5’ end of 
P{lacW}, namely Plac1, Plac4, Sp1 and Splac2 (Rehm, 2002) and the reactions were 
performed using an adapted protocol (Ecovoiu et al., 2009). The inverse PCR reactions 
products were migrated in a 2% TAE agarose gel stained with ethidium bromide and 
visualized with M-ChemiBIS image analysis system (DNR Bio-Imaging Systems). Target 
amplicons were cut up from the agarose gel and purified using SV Gel and PCR Clean-Up 
System (Promega). The purified fragments were directly sequenced for the 5’ end with both 
Splac2 and Sp1 primers on BECKMAN CEQ8800 equipment. The sequences were compared 
against D. melanogaster genome R5.29 (http://flybase.org), using BLAT software available on 
the UCSC online database (http://genome.ucsc.edu/) and with BLAST incorporated in BioEdit 
program (Hall, 1999). The conserved motifs into the putative hot-spot regions of P{lacW} 
were identified with MOTIF Search (http://motif.genome.jp/). 
 
RESULTS AND DISCUSSION 
 
Inverse PCR technique makes use of several specific primers that are complementary 
to sequences from both ends of the artificial transposon, which is analyzed. For a given 
transposon's end, inverse PCR amplifications are made using two primers oriented in opposite 
directions, on a circular DNA template, therefore being possible to obtain linear amplicons 
encompassed by the primers. An ideal sequencing should reveal a contiguous mosaic DNA 
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fragment consisting of: the sequences of the two primers, a sequence characteristic to the 
genomic region into which the insertion occurred and a sequence from one of the transposons 
ends (the one for which the inverse PCR was applied); it also should indicate the cleavage site 
of the restriction enzyme used for the initial digestion of the genomic DNA (Fig. 1A), as 















Fig. 1. A. The structure of an ideal contiguous mosaic DNA fragment recovered by inverse PCR and sequencing. 
1 and 2 are the forward and respectively the reverse primers. 3a denotes an internal fragment of the P{lacW} 
transposon, encompassed by the forward primer and Sau3AI restriction enzyme target motif (GATC). 3b stands 
for the end of the secondary reinsertion, for which the inverse PCR was applied, and it is encompassed by  
the sequence characteristic to the region into which the insertion occurred and the reverse primer. 4 illustrate  
a genomic region hit by the SLR (for special cases, 4 also stands for a P{lacW} region hit by the SLR). The black 
arrow indicates the Sau3AI restriction enzyme target motif. The exact location of the reinsertion is defined  
by the coordinates of the conjunction between 4 and 3b.  
B. A detailed analysis of the amplicon fragment corresponding to the SLR of 21.3 transgenic line. The numbers 
designate the canonical structures presented in figure 1A. With underlined characters is presented the 5’IR 
(inverted repeat) of the reinserted P{lacW} transposon, bordering a repaired P{lacW} sequence hosting the SLR 
(which starts at coordinates 10060, pertains to the pBR322 bacterial sequence specific of P{lacW} artificial 
transposon and is depicted in bold characters). The suspension points stand for unreadable/irrelevant sequence 
fragments pertaining to the specific amplicon. 
 
The genetic and molecular analysis of 55 mutant lines derived from transposition in 
male germline allowed us to finally characterize at nucleotide level 18 local secondary 
reinsertions. Out of them, 10 of the insertions are located into/near 9 different genes, while the 
other 8 suggests the occurrence of secondary insertions inside of the copy of the original 
transposon. A careful genetic analysis of the 8 lines harboring double local reinsertions 
confirmed at phenotypic level that the SLRs were located within the 3rd chromosome of D. 
melanogaster. 
These 8 reinsertions, symbolized LR211A (D2M111), LR211B (D2M112), LR3.11 
(D3M11), LR4.8 (D4M8), 11.3, 21.3, 32.3 and 38.3, were subjected to a rigorous sequence 
analysis, using UCSC's BLAT bioinformatic tool (Kent, 2002) followed by a comparison 
against the P{lacW} sequence using BioEdit's incorporated BLAST. In the cases into which the 
sequences were partially unreadable by the analysis software, a manual annotation was 
performed. 
The results of the bioinformatic analysis were suggestive and showed that both the 
sequences from the region into which the reinsertions occurred (segment 4 in Fig. 1A) and 
those pertaining to the SLRs (segments 3a and 3b in Fig. 1A) are from the P{lacW} element. 
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(see Fig. 1A), there were sufficient data for identifying the precise site of the reinsertions for 
almost all of them.  
Reinsertions 32.3 and LR211A reside at the coordinates 7999 and respectively 8021 
within the sequence of their associated PLR, while reinsertions 11.3, 21.3 (described in Fig. 
1B) and 38.3 share the same coordinates-10060 within the sequence of their associated PLR 
(Tab. 1). Reinsertion LR3.11 is a special case of SLR, being inserted near the 3' end of its 
corresponding PLR, in a tail-to-tail orientation.  
For two of the reinsertions, LR211B and respectively LR4.8, the amplicons sequences 
were unreadable in their final parts, therefore we could only indicate the relative P{lacW} 
region into which these SLRs took place. Based on a putative insertional hot-spot that is 
apparent in region 8000 of P{lacW} and taking in count that the extreme ends of readable 
sequences for these two reinsertions protrude towards coordinate 8000 of P{lacW}, it seems 
reasonable to consider that they could reside into that region. 
 
Tab. 1 
Coordinates of the insertional sites characteristic to 8 SLRs  
which occurred within their associated PLR 
 
Strain 




32.3 7999 * 
LR211A 8021 * 
LR211B 7684-8000 ? * 
LR4.8 7684-8000 ? * 
These SLRs could define an insertional hot-spot located around 
coordinate 8000 of P{lacW}. The coordinates are inside the sequence  
of mini-white allele pertaining to P{lacW}. 
11.3 10060 ** 
21.3 10060 ** 
38.3 10060 ** 
These SLRs could define an insertional hot-spot located in 10059 
coordinate of P{lacW}. The coordinates are inside the sequence  
of pBR322 fragment pertaining to P{lacW}. 
LR3.11 10690 *** The SLR is in a tail-to-tail orientation with the PLR (double P element). 
 
In the table are detailed the coordinates of the insertional sites characteristic to 8 SLRs 
which occurred within their associated PLR. With * are pointed the reinsertions that define a 
putative insertional hot-spot relatively located at the 8000 bp coordinate of the P{lacW}'s PLR 
at the donor site. With ** are pointed the reinsertions that define a putative insertional hot-
spot relatively located at the 10060 bp coordinate of the P{lacW}'s PLR at the donor site. The 
reinsertion marked with *** is probable located at the 3' tip of the P{lacW}'s PLR at the donor 
site, in a tail-to-tail orientation. The symbol ? indicates that for LR211B and LR4.8 reinsertions 
we couldn't establish the precise localization of the insertional site. 
The frequency of the SLRs within the transposon present at the insertional donor site, a 
condition that could be assimilated to a double local reinsertions, is 8 out of 18 reinsertional 
phenomena, or 44.4%. This relative high percentage of occurrence of double local reinsertions 
after mobilizing a P element derivate in the male germline of D. melanogaster is similar to the 
ones obtain by other collectives, in the same species. In distinct experiments, there were 
mobilized in the male germline two and respectively one P[lacZ, ry+] (herein symbolized PZ) 
artificial transposons, that were stable inserted inside a minichromosome symbolized Dp1187. 
The first experiment, that used two PZ transposons, yielded a frequency of insertion within or 
near the starting element of about 37% (Tower et al., 1993), and the second experiment, into 
which a single transposon was mobilized, reported a frequency of about 69% for the same 
phenomenon (Zhang and Spradling, 1993).  
The major difference between our results and the ones obtained by the two collectives 
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mentioned before is that both of them observed an insertional bias towards the 5' half of the 
starting element, while reinsertions described herein reside in the 3' half of the starting 
element. In an attempt to explain our results, we arbitrarily analyzed 80 bp surrounding each 
of the two P{lacW} coordinates that defines the two putative insertional hot-spots identified in 
our screening. The analysis was performed with MOTIF Search, a GenomeNet bioinformatics 
tool (Kanehisa, 1997) that identifies conserved binding motifs for transcriptional factors. 
Several HSF (heat shock factor) motifs were identified in each of the 80 bp sequences, into 
the close vicinity of the coordinates defining the insertional hot-spots. In the sequence 
defining the insertional hot-spot located around P{lacW}'s coordinate 8000, we found two 
HSF motifs, located 12 and respectively 26 bp upstream of the SLR defining 32.3 transgenic 
line. In addition, the sequence encompassing the insertional hot-spot located around 
coordinate 10060 of P{lacW} contains three such motifs, located at 4, 22 and respectively 29 
bp downstream of the putative hot-spot. A study highlighting site specificity of local 
transposition into the Hsp70 promoter of D. melanogaster (Shilova et al., 2005) postulates 
that this behavior is partially explainable by the presence in the region harboring the 
insertions of GAF (GAGA factor), a TATA box-binding factor expected to contribute to “a 
distinctive chromatin conformation to transposase complexes”. By extrapolation, it is 
tempting to presuppose that particular chromatin conformations are induced by the specific 
binding of HSF factors around the putative insertional hot-spots, favoring the insertion of new 
transposon copies into the repaired P{lacW} copy at the original locus. 
The high frequency of SLRs in the original insertion may be amenable to a homing-
like mechanism, consisting in a biased insertion of specific transgenic transposons (harboring 
cloned fragments of a gene) into or nearby the genomic copy of the gene under consideration. 
Homing is to be induced by different molecular mechanisms but seems to be dependent on 
some regulatory sequences residing into the cloned fragments (Hama et al., 1990; Taillebourg 
and Dura, 1999). Specific sequences, like HSF motifs, located in both mini-white allele and in 
pBR322 sequence pertaining to P{lacW} artificial transposon may be responsible for the 
relative high-frequency of SLRs landing in the original insertion. Such a hypothesis may 
explain why the homing-like events described herein seem to affect preferentially the 




A reason to analyze the transposition pattern of a certain mobile element is to verify if 
secondary local reinsertions, associated with primary local reinsertions, could play a role in 
the modulation of the expression of targeted genes based on their functional relationships with 
the gene from which the transposition started (Ratiu et al., 2008). If the sequence of the 
original insertion facilitates the reinsertion in vivo of additional artificial P{lacW} within 
itself, a similar mechanism, relying on sequence homology and homing process, may 
physiologically act to modulate the expression levels of genes hit by the natural P transposon. 
Out of 18 SLRs sequences recovered from a sub-collection of 55 new transgenic lines, 
8 of them were located into the repaired copy of P{lacW}gammaCop057302 (44.4%). Such a 
relative high frequency of extreme SLRs may be explained by a homing-like process, 
mediated by specific sequences pertaining to P{lacW} artificial transposon. A deep 
understanding of such biases of the molecular events of transposition would facilitate the 
effort of deciphering biological significance of transposition of P natural and artificial mobile 
elements. 
*
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